Streptococcus hcemolyticus is known to cause certain pathologic conditions in man, such as erysipelas, puerperal sepsis, cellulitis, septic sore throat, bronchopneumonia, etc. It is frequently associated with other diseases, often as a secondary invader in measles and scarlet fever. A hemolytic streptococcus of Similar characteristics is also found as the etiologic agent in many diseases of lower animals, particularly in mastiffs of cows. Furthermore, an organism of like character is almost constantly present in milk and dairy products. In r~ilk-borne epidemics of septic sore throat the weight of evidence supports the view that the disease is caused by human types of hemglytic streptococci which are accidently communicated to the udder of the cow, rather than to the streptococci which are the common cause of bovine mastiffs, and which are so frequently found in milk when no disease is present. From an epidemiological standpoint the recognition of distinctive human and bovine types of this organism is of considerable interest and practical importance.
The occurrence of a hemolytic streptococcus, resembling to such a degree the organism found in pathologic lesions of man, has made necessary the devising of methods for differentiation of this type of streptococcus from that of human origin.
The bacteriological diagnosis of these types rests upon the summation of a number of differential features, rather than upon the dis- 215 tinctive value of any one test. Minor morphological and cultural characters, differences in the thermal death-point, and variations in the degree of hemolytic activity and pathogenicity for rabbits serve to indicate that essential biologic differences exist between these two types. In addition, many observers have noted the fact that nonpathogenic hemolytic streptococci produce more acid in carbohydrate media than the pathogenic varieties. These observations have been based upon the fitratable acidity recorded in terms of the amount of , normal alkali required to neutralize a given amount of culture fluid.
Some work has been done on the final hydrogen ion concentration as a means of differentiation of these organisms. Clark (1) , discussing the diagnostic value of the final hydrogen ion concentration in differentiating cultures of Bacillus coli, states: "Sufficient work has been done in this laboratory to indicate that the same phenomena .... apply to many of the streptococci." Ayers (2) , studying 200 cultures of streptococci, found that two final zones of hydrogen ion concentration were reached: pH. 4.6 to 4.8, 5.5 to 6.0. Smillie (3) records five strains tested by this method, but does not lay stress upon the results obtained. Ayers, Johnson, and Davis (4) have published interesting observations on the limiting hydrogen ion concentration of a series of streptococci, and have found that in dextrose-yeast-peptone medium the strains from pathogenic sources have a lower limiting hydrogen ion concentration than that reached by the non-pathogenic forms. They emphasize again the fact that titratable acidity, as a measure of the fermentative activity of an organism, is influenced so much by the nature and buffer content of the culture medium that this method should be supplanted by the determination of the hydrogen ion concentration. Ayers ~ has suggested the use of the limiting hydrogen ion concentration in differentiation of human and bovine types of streptococci and has found that the organisms obtained from milk gave the high limiting hydrogen ion concentration, that is from pH 4.5 to 5.0, and that most of the cultures were hemolytic.
The present work is confined to a study of hemolytic streptococci, and from it there has developed the fact that the hydrogen ion con-1 Personal communication.
centration at which the human strains of Streptococcus hcemolyticus cease to grow is different from that which limits growth of hemolytic cultures from bovine sources.
EXPE~IME.NTAL.
Source of Cultures.--This study comprises 169 strains of Streptococcus hemolyticus, of which 124 were of human origin and 45 from bovine sources. Among the latter are included a number of strains recovered directly from mastiffs in cows and others isolated from milk. Two strains are included among these from bovine sources, which were isolated by Smith and Brown (5) from udders of cows during Boston epidemics of septic sore throat, and identified by them as of human type? Nineteen strains came from cream cheese of different brands.
The strains of hemolytic streptococci of human origin were in the majority of instances isolated from the throats, sputum, blood, and lung lesions of men suffering from postmeasles bronchopneumonia, or from the throats of those intimately in contact with these patients during an epidemic of pneumonia at one of the camp hospitals. In addition, several strains of Streptococcus hcemolyticus from erysipelas, postpartum sepsis, meningitis, and cellulitis have been included. 8 Methods of Isolation and Identification.--All the cultures were isolated and identified according to the standard methods for the isolation and identification of Streptococcus hremolyticus adopted by the Medical Department of the United States Army. Isolation was made from a single colony on plain blood agar, and subsequent identification confirmed by the hemolysin test, the bile reaction, and the fermentation of certain test substances, as inulin, salicin, etc. The original stock cultures were preserved in plain blood agar stabs or plain blood broth. Medium.--The medium used for the determination of the final hydrogen ion concentration was meat infusion broth with the addition of 1 per cent dextrose. This medium was prepared from the infusion of fresh beef and contained 1 per cent peptone, 0.5 per cent salt, and 1 per cent dextrose. The initial reaction varied from pH 7.6 to 7.8. With the exception of the dextrose, the medium was the same as that used in this laboratory for the routine cultivation of pneumococcus, and the method of preparation was identical with that described by Avery, Chickering, Cole, and Dochez (6) .
In all the experiments measured quantities of the dextrose broth were inoculated with uniform amounts of an 18 hour plain broth culture of the organism to be tested and incubated at 37°C.
Determination of Hydrogen Ion Concentration.
The colorimetric or indicator method of determining the hydrogen ion concentration of bacterial cultures is, because of its simplicity and availability, the method of choice in studies of the fermentative activity of organisms. The principles and application of this method have been so thoroughly set forth by Michaelis (7) and by Clark and Lubs (8) , as well as by other authors, that reference will be made only to the most important details. The color of the culture medium and the turbidity produced by the massive growth of organisms, as well as by precipitation of proteins, have been the principal sources of error. This changing or masking of the indicator color may be obviated in two ways. First, it must be remembered that all successful media are buffer solutions; that is, they contain salts that require relatively large changes in acid or base to produce small changes in the reaction. The hydrogen ion concentration of these solutions is not materially changed by the addition of water. It is possible, therefore, to dilute the color of the medium itself without affecting the reaction. Secondly, the color of the medium may be superimposed upon that of the indicator by the comparator method introduced by Walpole (9) and adopted by Clark and Lubs. The intense turbidity of cultures of Streptococcus hcemolytlcus grown in dextrose broth may be reduced by use of the supernatant culture fluid, although the combination of the dilution and comparator methods is usually sufficient to insure an accuracy of pH "-0.1.
The hydrogen ion concentration determinations were made as follows: Duplicate tubes containing 5 cc. each of the culture were diluted with redisfilled water to 15 cc. One drop of a 0.1 per cent alcoholic solution of methyl red was then added to one tube while the other tube was used for the comparator color. The hydrogen ion concentration was then read in the comparator block, as modified by Dernby and Avery (10) , and recorded to the nearest tenth of a pH. With this indicator the cultures with a reaction more acid than a pH of 4.5 showed a definite claret-red color, while those less acid than a pH of 5.0 showed only a slight salmon tint. This difference is striking. It is important to use the indicator in sufficiently low concentration. The Ymal reaction of the more acid group of organisms is about th 9 lower limit of usefulness of methyl red, that is pH of 4.3, and too much indicator makes it impossible to distinguish between 4.6 and 4.3. Our experience shows that one small drop, about 0.02 cc., gave the sharpest reading. If, however, four Or fly, times as much methyl red is used, the difference in color tints within this narrow zone is much less distinctive. This point cannot be overemphasized, especially since there is a tendency for most workers to use an excess of indicator. The accuracy of the determinations in the range pH 4.6 to 4.0 was controlled in several experiments by the use of the indicator brom phenol blue (tetrabromophenolsulfonephthalein). The standard solutions of known hydrogen ion concentration were prepared for tile range 5.8 to 8.0 from phosphates by S6rensen's technique, and for the range 4.0 to 5.8 from acetate by Walpole's directions. The phosphates had been previously standardized by the hydrogen electrode.
Influence of Dextrose.
Since Clark and Lubs (11), in using this method for differentiating the types of Bacillus coli, have shown that the amount of dextrose available for fermentation by the organism influenced the final reaction, and that if insufficient dextrose was used a reversion of reaction followed, it was necessary to determine the effect of varying concentrations of dextrose upon the final hydrogen ion concentration of Streptococcus hcemolyticus. Further, it was desired to determine whether or not the sugar present in the medium has any effect upon the reaction. The following experiment was therefore devised.
To plain broth of known hydrogen ion concentration, dextrose was added in quantities sufficient to make 0.5, 1, and 1.5 per cent dextrose concentration. The medium was incubated over night at 37°C. to test sterility and then inoculated with 0.1 cc. each of an 18 hour plain broth culture of Streptococcus hcemolyticus. Broth which had been fermented to remove muscle sugar was used in the same mannet. 4 Samples containing 0.5, 1, and 1.5 per cent dextrose were prepared and inoculated in the same way. The hydrogen ion concentration of the media, after the preliminary sterilization and incubation and before inoculation, was controlled, and 5 cc. samples of the supernatant liquid were removed from the bottles 24 hours and 2 weeks after inoculation (Table I) . It is evident from these results that the concentration of dextrose from 0.5 to 1.5 per cent gives the same hydrogen ion concentration, and further, that either plain broth or sugar-free broth is' equally available for this purpose. We have, therefore, used throughout the series an ordinary 1 per cent dextrose broth.
Rate of Acid Production of Streptococcus hrrmolyticus in 1 Per Cent Dextrose Broth.
It was important to determine the rate of acid production and length of time required to reach the final limiting hydrogen ion concentration. Hence the following experiments were carried out.
1 per cent dextrose broth was prepared from sugar-free medium, as in the previous experiment, and 100 cc. samples were inoculated with two human strains, two cheese strains, and one bovine strain. The cultures were incubated at 37°C., and at definite intervals 5 cc. duplicate samples were removed for examination. The results are given in Table II It is evident from these results that tche organisms from all three sources reached their final hydrogen ion concentration within 24 hours. The values for the duplicate cultures were so close that only one curve for each set is apparent. Although the curve for acid production of these organisms had reached the maximum within 24 hours, it seemed desirable to determine whether or not continued incubation produced any change in the hydrogen ion concentration. For this purpose nine strains were inoculated in 100 cc. portions of 1 per cent dextrose broth and incubated at 37°C. (Table III) . These results substantiate the preceding experiments in that the final hydrogen ion concentration is reached within 24 hours, and show further that this final hydrogen ion concentration does not change on continued incubation. Although 14 days was the longest period 
Effect of Animal Passage upon the Final Hydrogen Ion Concentration.
Since the question of virulence is always of first importance in a discussion of the biology of an organism, it was deemed advisable to determine whether or not animal passages had any effect upon the final hydrogen ion concentration. To determine this five original cultures and their corresponding subcultures, which had been passed through a number of animals, were selected and inoculated in 100 cc. portions of 1 per cent dextrose broth. The results are givert in Table IV . It is evident from this experiment that the final hydrogen ion concentration of pathogenic Streptococcus hcemolyticus is not affected by animal passage.
Constancy of the Final Hydrogen Ion Concentration of the Same Strains in Different Experiments.
The constancy of the final hydrogen ion concentration of Streptococcus h6emolyticus is strikingly shown in Table V 
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Peritonitis. The difference in the final hydrogen ion concentration of these two types of orgazlisms has been expressed in terms of the pH values throughout the present discussion. In the practical application of this method, however, it is not necessary to determine the actual final hydrogen ion concentration. Methyl red reacts in such a way at the different final hydrogen ion concentrations reached by human and bovine strains, that no difficulty is experienced in judging these color values directly. At a pH value of 5.0 to 5.2, representing the range of the final hydrogen ion concentration of human strains, the color of this indicator is a faint salmon pink, whereas at a pH of 4.3 to 4.5, the final value for organisms of bovine origin, the color is a decided red. This color difference is so marked that comparison with standard solutions is not necessary and slight experience suffices to permit the determination of the type from the color produced by the direct addition of methyl red to the culture.
F i n a l H y d r o g e n I o n C o n c e n t r a t i e n of Streptococcus hcmolyticus from
In determining the type Streptococcus hcemolyticus the following procedure has been adopted. The strain to be tested is grown in test-tubes (7 by -~ inches) containing 5 cc. of 1 per cent dextrose broth. After the maximum growth has been reached, generally within 24 to 48 hours depending upon the size of the inoculum and the suitability of the medium, the culture fluid is diluted with 10 cc. of distilled water, and one drop of 0.1 per cent alcoholic solution of methyl red added. The difference in color, representing the pH values, distinctive for the human and bovine types of Streptococcus hcemoIyticus is immediately apparent. This reaction is sufficiently constant to be relied upon, and although an occasional atypical strain may be encountered, it constitutes a presumptive test of real value in differential diagnosis.
DISCUSSION.
The bacteriological methods used at present in the differentiation of human and bovine types of Streptococcus hcemolyticus, namely the determination of their hemolytic and fermentative activity, and pathogenicity for rabbits, are time-consuming and inadequate. In addition, the determination of the titratable acidity produced by these organisms in the fermentation of certain test substances is admittedly unreliable. The corelation of these several reactions, however, together with minor morphological and cultural characters indicates clearly that distinctive differences of a biologic nature exist between hemolytic streptococci found in pathologic lesions of man and those occurring in bovine mastiffs, in milk and dairy products. Any method, therefore, for the rapid differentiation of these closely allied organisms would be of inestimable advantage in epidemiological investigation.
From the data recorded in these experiments it appears that the final hydrogen ion concentration of human and bovine hemolytic streptococci is a constant and distinctive characteristic of these organisms. The human type of Streptococcus ha~molyticus reaches a final hydrogen ion concentration of pH 5.2 to 5.0, and the bovine type of pH 4.5 to 4.3. It has been found that in the medium described, the concentration of dextrose, 0.5 to 1.5 per cent, does not affect the final hydrogen ion concentration. Acid production in dextrose medium proceeds rapidly and the maximum acidity is reached in 24 to 48 hours, depending on the size of the inoculum and suitability of the medium for growth. This final reaction inhibits growth and does not change on further incubation of the culture. It also appears from these experiments that the final hydrogen ion concentration of Streptococcus hcemolyticus is not related to virulence, since no variation was found ill the reaction of cultures as originally isolated and of the same cultures after repeated animal passage.
All the cultures studied were of known origin, and on the basis of clinical evidence and bacteriological methods had been previously identified as belonging to one or the other of these two types. By the method described 95 per cent of all the strains examined were accurately and rapidly classified by the determination of their final hydrogen ion concentration in 1 per cent dextrose broth.
The final hydrogen ion concentration of the strains from bovine sources has in no instance fallen in the intermediary zone between the limits distinctive for human and bovine types. Of the five strains of bovine origin giving the same final hydrogen ion concentration as human strains, two had previously been identified by other methods as belonging to the human type. The other three may be either human strains which have contaminated the milk or streptococci from the skin or feces of cows (foot-note, Table VIII ). Further investigation should be made on the final hydrogen ion concentration of hemolytic streptococci from feces and skin of cows.
In the practical application of these facts use has been made of the difference in color of methyl red at the final hydrogen ion concentration of these two types. This change in color is sufficiently distinctive in itself to serve as a direct test for type determination and obviates the necessity of comparative readings with accurately standardized solufiohs of the phosphates. Because of the accuracy and constancy of the final hydrogen ion concentration, this method offers a presumptive test of distinct value in the classification of hemolytic streptococci.
SUM'MARY.
1. Under the conditions of these experiments, there appears to be a distinct and constant difference in the final hydrogen ion concentration of Streptococcus hcemolyticus from human and bovine sources. 
